Background Arg72Pro polymorphism of the p53 tumour suppressor gene have been associated with recurrent pregnancy loss. However, results were inconsistent. We performed this metaanalysis to drive amore precise estimation of association between p53 codon 72 polymorphism and recurrent pregnancy loss. Methods Electronic searche of PubMed was conducted to select studies. Case-control studies containing available genotype frequencies of Arg72Pro were chose, and Odds ratio (OR) with 95% confidence interval (CI) was used to assess the strength of this association. Results 4 case-control studies including 523 cases and 378controls were identified. This meta-analysis showed that individuals with the homozygous Pro/Pro genotype had increased risk of recurrent pregnancy loss (OR=1.85, 95% CI: 1.078~3.173, p=0.025) in the pooled analyses. An symmetric funnel plot, the Egger's test (P=0.497), and the Begg-test (P= 0.85) were all suggestive of the lack of publication bias.
Introduction
Recurrent pregnancy loss (RPL), defined as three or more first trimester spontaneous abortions prior to the 20th week of pregnancy is a common disorder. RPL is an important women's health problem. An underlying cause of recurrent miscarriage such as genetic, endocrine or autoimmune was found in more thar 50% of couples [1] . Several factors such as a variety of environmental as well as lifestyle factors have been considered for idiopathic recurrent miscarriage pathogenesis. Gene polymorphisms may predispose to an increased risk of RPL without consideration of the effects of environmental factors [2] . It was reportet that a significant association of the polymorphisms in genes such as CYP1A2,CYP17, CYP1A1, MTHFR and the risk of recurrent pregnancy loss [3] [4] [5] [6] [7] . However the polymorphism of MTHFR and eNOS gene are not associated with recurrent pregnancy loss in Japanese [8] . The RPL remains largely unexplained.
The low expression of angiogenesis-and apoptosisrelated genes are associated with RPL [9] . Abnormal apoptosis may cause pregnancy loss during human pregnancy. It is well known that p53, the guardian of the genome, is a stress response protein that functions primarily as a tetrameric transcription factor which regulates a large number of genes in response to various stresses, including oncogene activation and DNA damage [10] . p53 is involved in both the pro-survival response of cell cycle arrest and DNA repair, and the pro-death response of apoptosis [11] . If a mutation occurs, p53 may not only lose its normnal functions, but also gain new abilities that promote tumorigenesis [12] . p53 is the most frequently mutated gene in human tumors; over 50% of tumors harbor mutations in the p53 gene [13] . Beside its role as a tumour suppressor gene, aberrant p53 expression may play a significant role in regulating angiogenesis [14, 15] . P53 was a potential mediator of pregnancy [16] . Some alleles of p53 and its negative regulator, MDM2, are under positive evolutionary selection [17] [18] [19] . Significant decreases in embryonic implantation, pregnancy rate and litter size were observed in matings with p53 −/− female mice but not with p53 −/− male mice. p53
can regulate both basal and inducible transcription of leukemia inhibitory factor (LIF) in mice [20] . These suggest that p53 could have a new function in reproduction [21] . The p53 tumor suppressor gene contains 11 exons, located on chromosome 17p13. The codon 72 polymorphism (rs1042522) is located in exon 4 with CGC to CCC transition, leading to an arginine to proline aminoacidic substitution in amino-acid position 72. To date, a number of studies have been conducted to investigate the potential association between this polymorphism and RPL risk in humans [22] [23] [24] . However, the results were inconsistent. Therefore, we conducted a meta-analysis to assess the effect of the p53 codon 72 polymorphism on the risk of RPL.
Materials and methods

Publication search
PubMed was searched using the search terms 'p53', 'polymorphism' and 'recurrent pregnancy loss' or 'miscarriage'(the last search update was on Jan 29, 2011). Case-control studies containing available genotype frequencies of Arg72Pro were chose. Additional studies were identified by a manual search of the references of original studies. Of the studies with overlapping data published by the same investigators, only the most recent or complete study was included in this meta-analysis.
Statistic analysis
For control group of each study, the observed genotype frequencies of the p53 codon 72 polymorphism were assessed for Hardy-Weinberg equilibrium using the χ2 test. The strength of association between condon72 polymorphism of p53 gene and recurrent pregnancy loss was accessed by calculating crude odds ratios (ORs) with 95% confidence intervals (CIs). The pooled ORs were performed for codominant model (Pro/Pro vs. Arg/Arg; Pro/ Arg vs. Arg/Arg), dominant model (Pro/Pro+Pro/Arg vs. Arg/Arg), and recessive model (Pro/Pro vs.Pro/Arg+Arg/Arg), additive genetic model(Pro vs. Arg) respectively. Heterogeneity assumption was checked by a chi-square based Q-test. A Pvalue of <0.05 for the Q-test indicated a lack of heterogeneity among the studies, the summary OR estimate of each study was calculated by the Mantele-Haenszel method [25] . The potential for publication bias was examined by a Begg'stest (funnel plot method) and Egger's linear regression test (P<0.05 considered representative of statistical significance) [26] . All statistical analyses were performed with Stata software (version 8.2; Stata Corporation, College Station, TX).
Result
Eligible studies
We identified 4 case-control studies on the association between p53 codon 72 polymorphism and recurrent pregnancy loss including 523 recurrent pregnancy loss cases and 387controls in our meta-analysis ( Table 1 ). The distribution of genotypes in the controls of all the studies was in agreement with Hardy-Weinberg equilibrium.
Meta-analysis
The results of the association between the p53 codon 72 polymorphism and recurrent pregnancy loss and the heterogeneity test were shown in 
Discussion
Human recurrent pregnancy loss is important clinical problem.The mechanism of RPL is still relatively unknown.Single nucleotide polymorphisms(SNPs) can be used as a tool in investigating genetic variations and disease susceptibility. The frequency of homozygous Pro/Pro genotypes was found significantly higher among the women with RPL than the other two groups indicated that p53 codon 72 polymorphism would be expected to play a major role to bring about RPL [22] . In Pietrowski study, an overrepresentation of the Pro allele of the p53 gene in women with idiopathic recurrent miscarriages supports to the theory that p53 has a potential role during pregnancy [27] . On the contrary, the other studies reported an insignificant association between the Pro allele and RPL [24, 28] . The summary OR from our meta-analyses revealed that individuals with the homozygous Pro/Pro geotype had increased risk of recurrent pregnancy loss (OR=1.85, 95% CI: 1.078~3.173, p=0.025).
Arg72Pro of p53 gene is a common coding polymorphism that results in either proline or arginine at amino-acid position 72. Significant ethnic differences were found in the codon 72 polymorphism. The Pro72 allele frequency increasing in populations as they near the equator is closely linked to latitude [29] . There is a tight association between cold winter temperature and p53 Arg72 in Eastern Asia that suggests causative selection [19] . The codon 72 polymorphism in p53 gene is evolutionarily balanced and maintained by natural Fig. 1 Forest plot of ORs of recurrent pregnancy loss for Pro/ Pro genotypee when compared to the Arg allele carriers (Pro/ Pro+Pro/Arg). The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the study-specific weight. The diamond represents the pooled OR and 95% CI selection indicated the association between codon 72 polymorphism and fertility in humans.
A balance in apoptosis and proliferation plays a crucial role in embryonic development during pregnancy. Once implanted, the embryo continues to survive and grow by stimulating its own blood supply through angiogenesis. A good exchange between fetus and mother is necessary to ensure the normal fetal growth, therefore cell arrest in cytotrophoblasts and blood vessels can result in imbalances of cell differentiation leading to misscarriage. Significant differences in the codon 72 polymorphic form of p53 gene might affect the biological activity of p53. The Arg72 variant of p53 protein is markedly better than the Pro72 form in inducing apoptosis and suppressing cellular transformation [30] [31] [32] , while the Pro72 form appears to induce a higher level of G1 arrest than the Arg72 form [33] . The lower level of apoptosis in p53 Pro allele carriers might cause misguided growth of cells or tissues leading to misscarriage. The increasing cells arrested at the G1 checkpoint might cause inadequate trophoblastic growth leading to abortion. G1 arrest or the potential to resist apoptosis might be the explanation that Pro/Pro carriers are more associated with RPL than with Arg allele carriers. However, these possible explanations are largely speculative and more studies on how the p53 Pro variant contributes to the complex pathogenesis of RPL is required [27] .
Leukaemia inhibitory factor (LIF) is the cytokine produced and secreted by the endometrial glands of uterus, regulating implantation through its influence on the luminal epithelium and stromal decidualization, but also its influence on reproductive tract cells such as leukocytes and glandular epithelium, during the pre-implantation phase of pregnancy [34] . Sufficient uterine LIF protein is an essential condition for implantation, and the LIF production in fertile women was greater than in the infertile women has been reported [35] . P53 plays a significant role in maternal reproduction, through the regulation of LIF. Loss of p53 decreased both the level and function of LIF in uteri. In the absence of p53, low LIF is produced, the uterus does not become adequately receptive and implantation of embryos is impaired [20, 21] . Arg72 was clearly more active than p53 Pro72 in transactivating LIF [19] . Pro72 may alter the activity of p53, and in turn result in the reduced uterine LIF levels and decreased implantation rates in women.
In conclusion, this meta-analysis showed that the homozygous Pro/Pro geotype had increased risk of recurrent pregnancy loss (OR=1.85, 95% CI: 1.078~3.173, p=0.025), suggests the p53 codon 72 polymorphism may be associated with the risk of recurrent pregnancy loss. Future well designed large studies might be necessary to validate this association in different populations incorporated with environmental fators in the susceptibility of recurrent pregnancy loss.
